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The present application claims priority from 
Provisional Application No. 60/079,593, filed March 
2 / , 1998/^ the entire contents of that provisional 
application being incorporated herein by reference. 



TECHNICAL FIELD 

The present invention relates to a novel human 
orphan nuclear receptor that binds to a cytochrome 
P-450 monoox y ge na s e (CYP; promoter and ch r r: is 
activated by compounds that induce CYP gene 
expression. The invention furtner relates to 
nucleic acid sequences encoding such a receptor, to 
methods of making the receptor and to me t h c d s of 
using the receptor and nucleic acid sequences 
encoding same. The invention also relates to non- 
h uma n animals transformed to express the h uma n 
receptor and to methods of using such animals to 
screen compounds for drug interactions and 
toxicities . 

BACK GROUN D OF THE INVENTION 

M e mb e r s of the cytochrome P - 4 5 0 (CYP. family o 1 
hemop r o tei ns are critical in the oxidative 
metabolism of a wide variet y of e n do g e n o u s 
substances and xenobictics, including various 
carcinogens and toxins (Neber: et al, Ann. Rev. 
Eicchem. 56:94 5-993 (I9ST}:. In man, the C Y ? 3 A 4 
mo n o c x y g e n a s e plays a major role in the 
biotransformation of drugs due to its abundance in 
liver and intestine and its broad substrate 



specificity. CYP3A4 catalyzes the metabolism of 
> 6 0 % of all drugs that are in use including 
steroids, immunosuppressive agents, imidazole 
ant imyco t i cs , and macrolide antibiotics (Maurel, P. 
in Cytochromes P4 50: metabolic and toxicological 
aspects (ed. loannides, C.) 241-270 (CRC Press, 
Inc., Boca Raton, FL, 1996) . 

Expression of the CYP3A4 gene is markedly 
induced both in vivo and in primary hepatocytes in 
response to treatment with a variety of compounds. 
Many of the mo s t efficacious inducers of C Y P 3 A 4 
expression are commonly used drugs such as the 
glucocorticoid de xame t ha s one , the antibiotic 
rifampicm, the antimycotic clotrimazole, and the 
hypochc le s t e rol emi c agent lovastatin (Maurel, P. m 
Cytochrom.es P4 50: metabolic and toxicological 
aspects (ed. loannides, C.) 241-270 (CRC Press, 
Inc., Boca Raton, FL, 1996), Guzelian, P.S. in 
Microsomes and Drug Oxidations (eds. Miners, J.O., 
Birkett, D.J., Drew, R. & McManus, M . ; 143-155 
(Taylor and Francis, L c- n don, 1 98 3 ; . The 
indue ibi 1 i ty of CYP3A4 expression levels coupled 
wicn the broad substrate specif:, city of the C Y P 3 A 4 
protein represent the basis for many drug 
interactions in patients undergoing combination dru 
therapy. While att emp t s have been made to d e v e 1 o p 
in vivo and in vitro assays with which to profile 
the effects of compounds on CYP3A expression levels 
these efforts have been hampered by species-soecifi 
effects that have limited the utility of using 
a n i ma Is and their tissues for testing purposes. 
Thus, analysis of the effects of new compounds on 



CYP3A4 gene expression has been largely restricted 
to laborious assays involving human liver tissue. 

Recently, efforts have been directed at 
understanding the molecular basis for the induction 
of CYP3A4 gene expression. The CYP3A4 promoter has 
been cloned and a 20 bp region residing 
approximately 150 bp upstream of the transcription 
initiation site shown to confer responsiveness to 
dexamethasone and rifampicin (Hashimoto et al, Eur. 
J. Biochem. 218:585-595 (1993;, Barwick et ai, 
Mclec. Pharmacol. 50:10-16 (1996)). This region 
contains two copies of the AG ! G / T : T C A motif 
recognized by members of the nuclear receptor: 
superfamiiy, suggesting that a nuclear receptor 
might be responsible for mediating at least some of 
the effects of the chemical inducers of C Y ? 3 A 4 
expression. However, prior to the present 
invention, proteins that bind to this response 
element had net been characterized. 

The present invention is based on the 
icentificati o n of a novel orphan nuclear receptor 
t h a *~ binds to a r e s o o n s e element in the C Y P 3 A. 4 
promoter and that is activated by a range of 
compounds known to induce CYP3A4 expression. The 
identification of this receptor ma kes possible 
assays that can be used to establish whether drugs 
will interact in vivo. 

SUMMARY CF THE INVENTION 

The present invention relates to a novel h u ma n 
orphan nuclear receptor, designated the human 
pregnane X receptor { h P X R ) , that binds to a CYP 
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promoter, for example, the rifampicin/dexamethasone 
response element in the cytochrome P-450 
monooxygenase 3A4 (CYP3A4) promoter. The receptor 
is activated to modulate transcription of a CYP 
{e.g., CYP3A4) gene. The present invention further 
relates to nucleic acids encoding hPXR, including 
expression vectors that can be used to effect 
expression of the receptor in host ceils. The 
invention also relates to host ceils transformed 
with such expression vectors and to methods of using 
the receptor and receptor encoding sequences in 
assays designed to screen compounds (e.g., drugs' 1 
for their ability to modulate CY? .e.g., CYP3A4. 
gene expression . The invention also relates to ncn- 
human animals transformed to express the human 
receptor and to methods of using same in drug 
screens . 

B RIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A-1D. Molecular cloning of hPXR. 

i Fit. 1 A ; Nucleotide f S F Q ID NO : 1 3 ) and predicted 
amine acid (SEQ ID NC:14; sequences of hPXR. 

; Fig. 13; Amino acid sequence comparison between 
h?XR, m P X R 1 , Xer.opus orphan nuclear receptor 1 

ixONRl ; (Smith et al, Nucl . Acias Res. 22:66-71 

(1994; ) , and the human vitamin D receptor fhVDR; . 
Numbers indicate percent amino acid identity in the 
DBDs and LBDs. (Fig. 1C) The hPXR clone encodes a 
functional nuclear receptor. Transfection assays 
were p e r f o r mi e d with a p S G 5 - h ? X R e x c r e s s i o n v e c t o r 
containing the w i 1 d - 1 y p e 5 ' region of the h ? X R c DN A 
and a reporter plasmid containing four copies of the 



CYP3A1 DR3 PXRE . Cells were treated with vehicle 
alone (0.1% DMSO) or 10 uM of dexame t ha s one - t - 
but y laceta te . Cell extracts were subsequently 
assayed for CAT activity. Data points represent the 
mean of assays performed in duplicate. (Fig. ID) 
Translation of the full-length hPXR initiates at a 
non-AUG codon. In vitro transcription and 
translation were performed with the pSG5-hPXR 
expression vector containing the wild-type 5' region 
of the hPXR cDNA or pSG5-h?XR AUG , in which the CUG 
codon at nucleotide positions 304-3 0 6 was modified 
to AUG. The 50 k D product synthesized when either 
template was used is indicated by the open arrow and 
the asterisk. Two shorter products which are lively 
to represent translation initiation at me t h i on i n e - 5 6 
and me t hi oni ne - 6 9 within the DBD are indicated by 
closed arrows. A longer translation product present 
at low levels is indicated by the bent arrow. Size 
markers (in kD) are indicated at left. 

Figure 2. Northern blot analysis of hPXR 
expression pattern in aouit tissues ; !eft to right, 
heart ( 1 / , brain ( 2 1 , placenta '' 3 > , lung ■: 4 ■ , liver 

'5' , skeletal muscle >' 6 ) , kidney ■.' 7 ) , oancreas (8; , 
spleen (9;, thymus 1 C ; , prostate (ill, testis (12), 
ovary (13), small intestine (14 ; , colon (15;, PBL 

(16) . RNA size markers (in kb; are indicated at 
lef t . 

Figures 3A-3C. h?XR activates t r a n s c r i p t l on 
through an 1 R 6 element in t n e C Y ? 3 A 4 promoter. 
(Fig. 3 A ; C V - 1 ceils were cctransfected with the 
{ IR6 ; -.-z k-CAT reporter piasmid in either the absence 



(-) or presence (+) of the pSG5-hPXR ATG expression 
plasmid and treated with vehicle alone (open bars) 
or 10 uM dexamethasone-t-butylacetate (closed bars) . 
Cell extracts were subsequently assayed for CAT 
activity. Data represent the mean of assays 

performed in triplicate +/- S.E. (Fig. 3B) • ^ a/a ' / 

Oligonucleotides used in band shift assays^. The 

positions of nuclear receptor half-site motifs and 

mutations are indicated. (Fig. 3C) Band shift 

assays were perf o r me d with a radiolabeled 

oligonucleotide containing the CYP3A4 IR5 PXRE and 

hRXR and either hPXR (top panel; or mPXRl ; bottom 

panel; . Unlabeled competitor oligonucleotides were 

a deed at a 10- fold or 50-foid molar excess as 

indicated . 

Figures 4A-4C. hPXR is activated by 
structurally-distinct inducers of C Y ? 3 A 4 gene 
expression. (Fig. 4A) CV-1 ceils were transfected 
with the pSG5-hPXR ATG or pSG5-mPXRi expression 
olasmids and the ( I R 6 m ~ t k - C AT r e d o r t e r (left and 



middle panels, respectively;, or the 
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expression plasmid ' G i g u e r e e t a 1 , Cell 4 6:64 5-652 
(19 8 6; ; and a reporter containing two copies of a 
consensus glucocorticoid response element upstream 
of tk-CAT (right panel; . Cells were treated with 
1 u M me v a s t a t i n or iovastatin, 10 0 uM p bene barbital, 
or 10 uM of the other compounds. Ceil extracts were 
subsequently assayed for CAT activity. Data 
represent the mean of assays performed in triplicate 
-r/- S.E. (Fig. 43) Structures of representative 
compounds that activate hPXR. (Fig. 4Cj CARTA was 
performed with bacterialiy-expressed GST-hPXR or 



GST-mPXRi and [ 35 S]SRC1.14 synthesized in vitro. 

[ 35 S1SRC1.14 was mixed with either GST-hPXR or GST- 
mPXRl in the presence of vehicle alone (1) {1% DMSC) 
or 10 uM of dexame thasone- t-butylaceta te (2) , 
rifampicin (3), or clotrimazole (4). [ ?5 S ] SRC I . 1 4 
complexed with GST-hPXR (top panel) or GST-mPXRl 

(bottom panel) was precipitated with glutathione- 
seph arose beads. 

Figure 5. Reaction scheme for production of 
[ 3 H: GW-4 8 53 01 . 

Figure 6 . Plot of specif 
concentration of i : H;GW-415801 
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:0N OF THE INVENTION 



The present invention relates to a novel human 
nuclear receptor, h ? X R . The invention further 
relates to nucleic acid sequences encoding h?XR, to 
constructs comprising such sequences, to hcst cells 
containing one constructs and to a met nod of 
producing h?XR using such host cells. The mventior 
also relates to n o n - h um.a n animals transformed to 
express hPXR. The invention further relates to in 
vivc and m vitro assays that can be used to 
identify c omp our.ds that induce C Y ? expression. 
While the disclosure that follows makes specific 
reference to C Y P 3 A 4 , it should be appreciated that 
the details (e.g., methods) provided find 



hPXR is characterized as a protein comprising 
about 434 amino acids and having a mo 1 ecu la r weight 
of about 49.7 kiiodaltons. hPXR binds to a DNA 
response element in the CYP3A4 promoter as a 
heterodimer with the 9-cis retinoic acid receptor, 
RXR. hPXR is activated by compounds known to 
modulate CYP3A4 expression. The receptor is most 
abundantly expressed in liver but is also present in 
colon and small intestine. 



One embodiment of the receptor of the invention 
has the ami r\p acid sequence set forth in Figure 1, 



or an analog '^hereof (wherein the term analog is 
intended to indicate a naturally occurring human 
variant of t he Fiaure 1 seouence; , o r a fragment 
thereof, including fragments ha vino at lea si : . • • 
functional cnaract eristic of hPXR ; e . g . , ligano 
binding or DNA binding) . Preferred fragments 
include portions of t he Figure 1 sequence at least 
30 consecutive amino acids .in length, more 
preferably, at least 5 0 <s o n£e c u 1 1 v e a m i n o acids i n 
length, and most preferably, at least 7 5 consecutive 
ammo acids in length. Specific fragments include 
the ligand binding aomain (that is, ammo acics 141 
to 434 of the Figure 1 sequence! and the DNA binding 
domain (that is, ammo acids 41 'to 10* 7 of the Figure 
1 sequence'; as well as the domain that is used for 
the ligand binding assay described in the Examples 
that follow (that is, amine acids 130-434 of the 
Figure 1 sequence) . The invention also includes a 
protein c omp rising a domain sharing at least 33: 
amino acid sequence identity with the i i g a n d binding 
domain of the Figure 1 sequence, more preferably, at 



least 85%\amino acid sequence identity and, most 
pref erablyXat least 90% or 95%, 96%, 97%, 98% or 
9 9% amino aci\l sequence identity with the ligand 



binding domain \>f the Fiaure 1 sequence (% sequence 
identity being determined, for example, by Basic 
Blast (version 2 . 0 K available through the NCBI 
website http://www.ncbi.nlm.nih.gov/), and, 
advantageously, retaining the function of the 
Figure 1 sequence . \^ 

The receptor of the invention, or fragment 
thereof, can bear a detectable label {e.g., a 
raciioactive or fluorescent label;. The receptor, or 
receptor fragment, can also be bound to a solid 
support, e.g., a glass or plastic particle, a :. ' ■' ■ ■ f 
or a filter. 

Nucleic acid sequences of the invention include 
DNA and RNA sequences encoding hPXR, for example, 
h?X?. having the ammo acid sequence given in 
Figure 1, as well as nucleic acid sequences encoding 



analogs and fragments of the Figure 1 amino acid 
s e a u e n c e as defined above, and nucleic acid 
se cue noes encoding proteins comprising a domain 
snaring at least 80 ^ amino acid sequence identify 
ixcre preferably, at least 85;, or at least 9C , cr 
at least 95%, c r at least 9 6 1 , or at least 9 7 ■ : , or 
at least 9 8 % or at least 9 9 1 ; with the ligand 
binding domain of the Figure 1 sequence, as 
described above. A specific nucleic acid sequence 
of the invention is that shown i n Figure 1 . 

The h ? X R encoding sequence can be present in a 
construct, for example, in an expression construct, 
operabiy linked to a promoter (e.g., the CMV, SV4C, 
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Taq, T7 or LacO promoter) . Such expression 
constructs are operative in a cell in culture (e.g., 
yeast, bacteria, insect or mammalian) , to express 
the encoded hPXR, or fragment thereof. Preferred 
expression vectors include pGEX, pET, pFASTbacHT and 
pSG5 . 

The invention also relates to cells in culture 
(e.g., yeast, bacteria or mammalian (for example, 
CV-1, HuH7, H e p G 2 , or CaCo2 cells) ) that are 
transformed with an above-described construct. 
Transfo r ma tion can be effected using any of a 
variety of standard techniques. Such cells can ce 
used in a method of making h?XR fragment 
thereof; by cult u ring same under conditions suitable 
for expression of the polypeptide product. 

The invention further relates to chimeric 
receptors (or fusion proteins having a receptor 
components (and encoding sequences) comprising at 
least a DNA-binding domain or a 1 igand-bi ndmg 
domain of h?X?, and a non-h?XR derived sequence. 
Kor.-hPX? derived sequences can be selected so as to 
be suitable for the purpose to be served by the 
chimeric receptor. Examples of sue h seque n c e s 
include glutatnione-S-transferase and the D N A 
b i u ding d oma in of yeast transcription factor G A L 4 
and other D N A binding domains, e.g., DN A binding 
domains for the estrogen and glucocorticoid 
receptors. The chimeric receptor can bear a 
detectable label 'e.g., a radioactive or fluorescent 
label; . The chimeric receptor can also be bound to 
a solid support, e.g., a glass or plastic particle, 
a plate or a filter. 



A further aspect of the invention relates to in 
vitro (cell-free) and in vivo (cell-based) assays 
that can be used to profile the effects of compounds 
(e.g. potential new drugs) on C Y ? 3 A 4 levels. The 
inducibility of CYP3A4 levels, coupled with the 
broad substrate specificity of the CYP3A4 enzyme, 
represent the basis for many drug-drug interactions 
in patients undergoing multiple drug therapy. 
Ideally, new drugs would have little or no effect on 
CYP3A4 expression levels. 

The assays of the invention can take any of a 
va r i e t y o f f c rms . As compou nds t h at act! va t e n PXP 
function as inducers of C Y P 3 A 4 gene expression, h P X P. 
binding and activation assays pro vice efficient 
means to identify c o mc c u n d s that car: be e x c e c t e d t o 
activate C Y ? 3 A 4 . 

Binding assays of the invention include cell 
free assays in which h ? X P , or the 1 1 g a n d binding 
domain thereof '.'alone or present as a fusion 
protein', is incubated with a test c omp o u n d w h i c n , 
advantageously, bears a detectable label (e.g., a 
radioactive or fluorescent label: . The hPXP, or 
Iigand binding domain thereof, free or bound to test 
compound, is then separated from free test compound 
using any of a variety of techniques (e.g., using 
gel filtration chromatography (for example, on 
Sephaaex G50 spin columns) or through capture on a 
h y d r o x y a p a 1 1 1 e resin). The amount of test c omp o u n d 



l s 



bound to h?XR or Iigand binding domain thereo: 
then determined (for example, by liquid 
scintillation counting in the case of r a di o 1 abe 1 1 ed 
test c omp o u n d s ) . 
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An alternative approach for detecting 
radiolabeled test compound bound to hPXR, or ligand 
binding domain thereof, is a scintillation proximity 
assay (SPA) . In this assay, a bead (or other 
particle) is impregnated with scintillant and coated 
with a molecule that can capture the hPXR, or ligand 
binding domain thereof (e.g., streptavidin-coa ted 
beads can be used to capture biotinylated hPXR 
ligand binding domain) . Radioactive counts are 
detected only when the complex of radiolabeled test 
compound and the hPXR, or ligand binding domain 
thereof, is captured on the surface of the SPA bead, 
bringing the radioactive label into sufficient 
proximity to the scintillant to emit a signal. Ttis 
approach has the advantage of not requiring the 
separation of free test compound from bo una 'Nichols 
et al, Anal. Biochem . 25^:112-119 (1998);. 

Assays to determine whether a test compound 
interacts with the hPXR ligand binding domain can 
also- be performed via a competition binding assay. 
In this assay, h?XR, or ligand binding domain 
thereof, is incubated wit h a comp o u n d k n c w n t o 
interact with hPXR, which compound, advantageously, 
bears a detectable label (e.g., a radioactive or 
fluorescent label (see Example 5 - Crabtree 
catalysts suitable for use in the synthetic approach 
described in Example 5 include those reported by- 
Chen et al, J. Labelled Compd. Radiopharm. 39:291 
(19 9^; and Crabtree e t a I , Inorg . Synth. 28:56 
(1990, • ) . A test compound is added to the reaction 
and assayed for its ability to compete with the 
labeled compound for binding to h?XR, or ligand 
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binding domain thereof. A standard assay format 
employinq a step to separate free known (labeled) 
compound from bound, or an SPA format, can be used 
to assess the ability of the test compound to 
compete . 

A further example of a binding assay in 
accordance with the invention is based on the 
finding that hPXR ligands induce the interaction of 
hPXR ligand binding domain with coaccivators (e.g., 
SRC1, TIF-1, TIF-2 or ACTR, or fragment thereof/. 
To determine if a test compound activates hPXR, and 
thus induces CYP3A4 expression, the ligand binding 
domain of hPXR is prepared (e.g., expressed'; as a 
fusion protein (e.g., w::h g 1 u t a t h i c> r e - 5 - t r a n s f e r a s 

iGST;, , a histidine tag or a maltose binding 
protein ) . The fusion protein and coact i vator 

(either or both advantageously labeled wuh a 
detectable label, e.g., a radiolabel or fluorescent 
tag; are incubated in the presence and absence of 
the test compound and the extent of binding of the 
c cacti vator to the fusion protein determined. Tne 
induction of interaction in the presence of the tes 
compound is indicative of an hPXR activator. 

hPXR activation assays in accordance with the 
invention can be carried out using full length hPXR 
and a reporter system comprising one or more copies 
of the DNA binding site recognized by the n?XR 
binding domain (see Example 3 1 . Advantageously, 
however, the activation assays are conducted using 
established chimeric receptor systems. For example 
the ligand binding domain of hPXR can be fused to 
the DNA binding domain of, for example, yeast 



transcription factor GAL 4 , or that of the estrogen 
or glucocorticoid receptor. An expression vector 
for the chimera (e.g., the GAL4 - hPXR chimera) can be 
transfected into host cells (e.g., CV-1, HuH7, HepG2 
or CaCo2 ceils) together with a reporter construct. 
The reporter construct can comprise one or more 
(e.g., 5) copies of the DNA binding site recognized 
by the binding domain present in the chimera (e.g., 
the GAL 4 DNA binding site) driving expression of a 
reporter gene (e.g., CAT, SPAP or luciferase: . 
Cells containing the constructs are then treated 
with either vehicle alone or vehicle containing test 
compound, and the level of expression of the 
reporter gene determined. In accordance w 1 1 h t h i s 
assay, enhancement of expression of tne reporter 
gene in the presence of the test compound inaicates 
that the test compound activates hPXR and thus can 
function as an inducer of C Y P 3 A 4 gene expression. 
{ See Example 4 . ) 

Another format suitacle for use m connection 
w 1 1 h the present invention is the yeast two- h y b r i d 
assay. This is an established approach to detect 
protein -protein interactions that is performed in 
yeast. Protein #1, representing the bait, is 
expressed m yeast as a chimera with a DNA binding 
domain (e.g., GAL4 ; . Protein #2, representing the 
predator, is expressed in the same yeast ceil as a 
chimera with a strong transcriptional activation 
domain. The interaction of bait and predator 
results in the activation of a reporter gene (e.g., 
luciferase or p-galactosidase) or the regulation of 
a selectable ma rker (e.g., LEU 2 gene). This 
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approach can be used as a screen to detect, for 
example, ligand-dependent interactions between hPXRl 
and other proteins such as coactivator proteins 

(e.g., SRCi, TIFi, TIF2, ACTR; or fragments thereof. 

(Fields et al, Nature 340:245-246 (1989)). 

Still another format is the ligand-induced 
complex formation (LIC) assay. This is an approach 
to detect 1 i ga nd-medi a t ed effects on nuclear 
receptor-DNA interactions. hPXR (or, minimally, the 
DNA and ligand binding domains thereof; can be 
incubated with its heterodimer ic partner RXR in the 
presence of DNA representing an established h?X?/RXR. 
binding site. Test compounds can be assayed for 
their ability to either enhance cr interfere with 

et al, Free. Natl. Acad. Sci. ISA 94:4312-431^ 
: 199" 7 ; ; . 

Compounds that bind PXR with a suitable pKi, 
for example with a pKi > 5, can be screened for 
selectivity for PXR versus other nuclear receptors 
.e.g., RX R ■ using standard binding a s s ays . A 
compound that binds selectively tc ?X? (that is, has 
at least a 10 fold greater affinity for PXR, 
preferably, at least a 10C fold greater affinity for 
PXR, than, for example, the glucocorticoid receptor; 
and thereby affects the functional activity of PXR 
in a cell (e.g., a cell m culture, a cell present 
in a tissue or a cell present in a whole animal; can 
be used to associate PXR activity with a mammalian 
disease state. For ex amp 1 e , a c om.p o una t n a t 
activates PXR induces CYP3A. Thus, diseases m 
which CYP3A activity is important are associated 



with PXR, and compounds that activate or deactivate 
PXR may be useful in prevention or treatment of such 
diseases- By using the associating methods of this 
invention, new PXR-associated diseases can be 
discovered. Once these new associations are 
discovered, new drugs for these diseases can be 
identified by screening for compounds that activate 
or deactivate PXR. 

An example of a compound suitable for use in 
making disease associations in accordance with the 
method described above is the compound of formula I: 



HO 
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wherein each of Rl, R2 , R3 and R4 is, 
independently, CT-C^aikyi (linear or branched), 
preferably, C 2 or C 3 alkyl (e.g., ethyl, n-propyi or 
iso-propyl), more preferably, C^alkyl. The compounds 
can be labelled with a detectable label, e.g., a 
radiolabel, e.g., tritium. 

Another aspect of the invention relates to 
transgenic animals that express hPXR. For example, 
transgenic mice can be generated that express the 
hPXR gene as well as the endogenous mouse ?XR gene. 
Mice can also be generated in which the endogenous 
P X R gene is knee k e a cut a n d t h en r e p 1 a c e d b y t n e 
h ?XR gene. Transgenic amir.a 1 s can be generated that 
express 1 so forms of h?XP as well as mutant alleles 
cf the gene. Transgenic animals developed by tnese 
methods can be used to screen compounds for drug 
interactions and toxicities, and to study the 
regulation of C Y ? 3 A m vivo. 

A further a s c e c t of the c r e s e n t i n v e n 1 1 o n 
relates to diagnostic assays tnat can be used to 
screen for mutations in n?XR tnat alter tne ability 
of the recector to induce C Y P 3 A 4 a e n e e x c r e s s i o n . 
These assays can be based on tne sequencing o f tne 
hPXR gene, on hybriaization approaches designee: to 



letect seau 1 



changes or polymorphisms, or the use 



of antibodies to distinguish wild-type from, 
mutant /polymorphic hPXR. Changes than result m 
alteration of the ON A binding or iigand binding 
characteristics of h P X R can be expected to have a 
significant impact on h ? X R activity. A mutation or 
polymorphism in hPXR can be indicative of a patient 
at increased risk cf suffermo an adverse reaction 



to a drug as a result of unusual rates of drug 
me tabol ism . 

The invention also relates to antibodies, 
polyclonal or monoclonal, that are specific for 
h P X R , and antigen binding fra gme n t s thereof (e.g., 
Fab fragments) . The antibodies can be generated m 
accordance with standard techniques using intact 
hPXR or a fragment thereof as defined above. The 
antibodies can be used, for example, in assays to 
detect the presence of the receptor. Further, the 
antibodies can be used in hPXR purification 
protocols . 

The invention also relates 1 

thereof; or nucleic acid encoding same or antibodies 
as described above. The kit can also include 
compounds that bind hPXR, such as GW-435801. Tne 
h?XR, nucleic acid and/cr antibody can be present in 
tne kit disposed within a container means. The kit 
can also include ancillary reagents and buffers, 
etc., to facilitate cractice of the scecific method. 

Certain aspects of the present invention are 
described m greater detail in the non-limiting 
E x a mp les that follow. 



Kits su::i 



EXAMPLE: 



The following experimental details an 
Examcies that follow. 
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Chemica 1 s 

Dexame t ha sone- t -butylace t a te and RU486 were 
purchased from Research Plus, Inc. (Bayonne, NJ) and 
Biomol (Plymouth Meeting, PA), respectively. All 
other compounds were purchased from either Sigma 
Chemical Co. (St. Lours, MO) or Steraloids, Inc. 
(Wilton, NH) . 

Molecular cloning of hPXR cDNAs 

An EST was identified in the Incyte database 

(clone identification number 2211526} that contained 
nucleotides 444-2111 of the h ? X R sequence. An 
oligonucleotide derived from, this EST sequence (' 5' 
CTGCTGCG C ATCC AGGAC AT 3', (S^Q IT NT : 1 ; was used to 
screen a pCMV-SPORT human liver cDNA library 

(Gibco/BRL) using Gene Trapper solution 
hybridization cloning technology ;Gibco/BRL; . Two 
clones were obtained tnat encoded hPXR, one 
containing nucleotides 1-2125, tne otner containing 
nucleotides I 0 2 — 2 1 1 8 The s e c u e n c e of the lor.Gsr is 
shown m Figure 1A. Sequences were aligned and 
analyzed by the University of Wisconsin Genetics 
Computer Group programs . 

P 1 a smi ds 



The expression vector pSGS-h?XR was generated 
by PGR amplification and subcloning of nucleotides 
1-1608 of the hPXR clone into the pSG5 expression 
vector (Strategene) - pSG5-hPXR ATG was generated by 
PGR amplification of cDNA encoding amine acids 1-434 
of h ? X R u s i n c ol ice nucleotides 5 ' ~ 

^ . . j i >o i o^uurtr. : ■■-'wAv.'^ v_ C t\ ^ ^ ^ a. o M o A ^ v_ ^ ^ ^ ^ r 1 . j 'w ~ J 

(SEQ ID NO:2) (sense) and 5'- 



GGGTGTGGGGGATCCTCAGCT ACCTGTGATGCCG- 3 ' ( SEQ ID NO : 3 ) 
(antisense) and insertion into EcoRI /BamHI -cut pSG5 . 
The bacterial expression vector pGEX-hPXR was 
generated by PCR amplification of cDNA encoding 
amino acids 108-434 and insertion into pGEX-2T 
(Pharmacia). The reporter plasmid { DR3 ) 4 - 1 k-CAT was 
generated by insertion of four copies of a double- 
stranded oligonucleotide containing the CYP3A1 DR3 
PXRE ( 5 ' -GATCAGAC AGTTCATGAAGTTCATCT AGATC - 3 ' ) (SEQ- ID 
NO: 4; into the BamHI site of pBLC AT 2 (Luckcw et al, 
Nucl. Acids Res. 15:549C (1967: . The reporter 
plasmid ( 1R6 } z k-CAT was generated by insertion or 
three copies o f the C Y ? 3 A 4 I P c ? X ? ~ 5 ' — 

the BamHI site of p 3 1 2 C AT . The p ?. S E T - S PC 1 . 1 4 
excression p I a s m i a has o e e n previously described 
fKliewer, S.A., et al. Cell 92:^3-62 (1998;}. All 
constructs were confirmee by sequence analysis. 

Corransfeccion assays 



. s were planed m 24- well plates in DM E 
in- 
calf serum; at a density of 1.2 x 1 3 " cells per w ell. 
In ceneral, trans feet ion mixes c o n t a i n e d 33 n g o f 
receptor expression vector, 103 n g of reporter 
plasmid, 200 ng of p-gaiactosidase expression vector 
(pCHllC, Pharmacia; , and 166 ng of carrier plasmid. 
Ceils were transfecred overnight by lipofecticn 
using Lipofectamme (life Technologies, Inc. ! , 
according to the manufacturer's instructions. Tne 
me d i u m was changed to DM E medium, s u p p 1 erne n t e d w i t n 
13* delipidated calf serum (Sigma; and ceils were 
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incubated for an additional 24 hours. Cell extracts 
were prepared and assayed for CAT and p- 
ga lactos idase activities as previously described 
(Lehmann et al, J. Biol. Chem. 2 7 0:12953-12956 
( 1995) ) . 



Northern analysis 

An approximately 1.0 kb fragment encoding the 
LB D of hPXR was [ ] - labeled by random priming and 
used to probe mouse multiple tissue Northern blots 
(C Ion tech). Blots were hybridized m Express Hyb 
solution (Clcntech; at 4 2 ° C overnight. Final was h e 5 
were cerfc r me d with C) 



. ix SSC, 0.1:- SDS at 56 0 ■ 



B a r. d shift a s s a y s 

h?XF. , mPX?. 1, and hRXR were synthesized in 
vitro using the TNT rabbit reticulocyte iysate 
coupled in vitro transcription/translation system 
'Promega: according to the manufacturer's 
instructions. Gel mobility shift assays (20 pi) 
contained 10 mM Tris (pH 6.0), 40 mM KC1, 0.05^ N?- 
4 0, 6- glycerol, 1 mM DTT , 0.2 tig of poly(dl-dC) and 
2.z ui each of in vitro synthesized PXR and RXR 
proteins. Competitor oligonucleotides were included 
at a 10-fold or 50-foid excess. After a 10 mm 



incubation on 



i 0 



no or 



J " P 1 - labeled 



oligonucleotide was added and the incubation 
continued for an additional 10 min. DMA-protein 
complexes were resolved on a 4% polyacrylamide gel 
in 0.5X T BE (IX TBB = 90 mM Tris, 90 mM boric acid, 
2 mM EDTA; . Gels were dried and subjected to 
autoradiography at -70°C. The following 



oligonucleotides were used as either radiolabeled 
probes or competitors (sense strand is shown) : 
CYP3A4 IR6: 5' GATCAATATGAACTCAAAGGAGGTCAGTG 3' 
(SEQ ID NO: 6) 

CYP3A4 IR6ml 5' GATC AATATGTTCTCAAAGGAGAACAGTG 3' 
( SEQ ID NO : 7 ) 

CYP3A4 IR6m2 5' GATCAATAACAACTCAAAGGAGGTCAGTG 3' 
(SEQ ID NO : 8 ) 

CYP3A1 DR3: 5' GATGCAGACAGTTCATGAAGTTC ATCTAGATC 
3' (SEQ ID NO: 9) . 

CAR LA 

GST-h?XR fusion protein was expressed in 
3L21 > JE3 i plysS cells and bacterial extracts prepared 
by one cycle of f r e e z e - t h a w of the cells in Protein 
Lysis Buffer containing 10 mM Iris , pH S.C, 5 0 mM 
KC1, 10 mM DTT, and 1 ^ NP-40 followed by 
cent ri fugat ion at 4 0,000 x g for 3 0 minutes. 
Glycerol was added to the resulting supernatant to a 
final concentration of 10-1. L y sates were stored at 
~SG°C. [^S]SRC1.14 was generated using the TNT 
rabbit reticulocyte system (Premega; in the presence 
of Pro-Mix (Amersham) . Cop re: ipi ta t ion reactions 
included 25 ul of lysate containing GST-hPXP. fusitn 
protein, 25 ul Incubation Buffer (5C mM KC1, 4 0 mM 
HE PES pH ^.5, 5 mM 13 -me r cap toet ha no 1 , 11 Tweer.-2C, 
1 * non-fat dry milk', 5 ul [ 35 5 ~ SRC 1.14, and vehicle 
! 1 * DMSO) or compounds as indicated. The mixtures 
were incubated for 25 minutes at 4 3 C with gentle 
mixing prior to the addition of 15 ul of 
g lu t a t h ior.e - sepha rose 43 beads (Pharmacia; that had 
been extensively washed with Protein Lysis Buffer. 
Reactions were incubated with gentle mixing at 4°C 



- 22 - 



for an additional 25 min . The beads were pelleted 
at 3000 rpm in a microfuge and washed 3 times with 
Protein Incubation Buffer containing either vehicle 
alone, dexame t ha sone - t -bu t y 1 a ce t a t e , rifampicin, or 
clotrimazole. After the last wash, the beads were 
resuspended in 25 pi of 2X SDS-PAGE sample buffer 
containing 50 rtiM DTT . Samples were heated at 1 0 0 ° C 
for 5 minutes and loaded onto a 10% Bis-Tris PAGE 
gel. Gels were dried and subjected to 
autoradiography. 

EXAMPLE 1 

M o I e c u 1 a r Cloning and 
Tissue Expression Pattern of h?XR 

A human EST was identified in the Incyte 
LifeSeq® proprietary database that was highly 
homologous to a region of mPXRl (Kliewer et al, Cell 
9 2:73-92 (1998'' ' . Two larger clones were isolated 
in a screen of a human liver cDNA library using an 
oligonucleotide within the EST as a probe. The 
longest of these clones was 214c bp in length 
■Fig. 1 A ; and en: o d e d a n e w me mb e r o f the n u z 1 e a r 
receptor superfamily that was 9^ and 7 6- identical 
t o rr. ? X R 1 in the DMA binding domain ( D B D ) a n d iigana 
binding domain ( L B D ) , respectively (Fig. 13;. In 
terms of ether members of the nuclear receptor 
superfamily, hPXR was most closely related to the 
Xenopus laevis orphan receptor ONRl (Smith et al, 
Nucl. Acids Res. 22:66-^1 (19 9 4} } and the vitamin D 
receotor ' F i a 13' . No t a b 1 v , the h P X R seciier.ee 
lacked an AUG initiator coder, in between an m- frame 
stop ccdon (nucleotides 2 0 5-2 3 7 in the hPXR 
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sequence) and the start of the region encoding the 
DBD. However, transfection experiments performed in 
CV-1 cells with the hPXR clone and a reporter 
plasmid containing four copies of an established 
mPXR binding site from the rat CYP3A1 gene promoter 
inserted upstream of the minimal thymidine kinase 
(tk) promoter and the chloramphenicol 
acetyltransferase (CAT) gene (Kliewer et ai, Cell 
92:73-82 (1998)) demonstrated that the hPXR clone 
encoded a functional nuclear receptor that was 
activated efficiently by dexame t ha s one - t - 
butylacetate, a known mPXRl iigana (Kliewer et a 1 , 
Ceil 92:73-82 (1993.; (Fig. 1 C ; . 

Examination of the hPXR sequence revealed ar. 
m-frame C"G codon (nucleotides 3 2 4-306^ surrcuroed 
c v a favorable Kozax seauence ' K o z a k , 3 . Biol. Cnem. 
2 6 6:19667-19670 (1991:;. There is p r e c e d e : • t for toe 
use of C 'J G codon s to initiate translation of 
eukaryotic proteins, including the nuclear receptor 
P.ARp4 (Kozak, J. Eiol. Chem. 2 6 6:19367-198^0 ■' I 9 9 1 ' , 
Nagpal et al, Proc. Natl. Acad. Sci . C5A 89: 2" 16- 
2 7 2 2 (1992;;. Initiation of translation at tnis COG 
codon would yield a protein of 434 ammo acids, 
tnree longer than mPXRl, with a predicted of 49.7 

k C . In order to determine whether translation c f 
tne hPXR cCNA initiated at the CUG codon, hPXR RXA 
containing the wild-type 5' region was translated in 
the presence of [ 3 " S ] me t h i o n i n e using rabbit 
reticulocyte lysates. As a control, hPXR RNA, m 
which this CUG codon had been mutated to the optimal 
AUG (h?XR AUG) , was also translated in vitro. 
Translation of the wild-type hPXR RNA resulted m an 



approximately 5C kD protein that co-migrated with 
the translation product of hPXR AUG RNA (Fig. ID, 
open arrow with asterisk) . This 50 kD product was 
not produced when hPXR antisense RNA was used in the 
translation reaction. Much lower amounts of an 
approximately 53 kD translation product were also 
produced in translation reactions performed with 
hPXR RNA (Fig. ID, bent arrow), indicating that a 
small amount of translation initiated at other non- 
A r JG codons upstream of the CUG codon . However, the 
results indicate that the CUG codon represents the 
principal translation initiation site for h ? X R 
containing a functional DEC. 

examined via Northern analysis using blots 
containing poly; A.. - RNA prepared from multiple aziuit 
tissues. h ? X R mR N A was expressed most a b u n d a n 1 1 y i n 
liver and was also present in the colon and small 
intestine : Fiq . 2 ) . Three transcripts of different 
size were detected m each of tnese tissues: a 
prominent 2.6 ko product and two less abundant 
messages of approximately 4.3 ko and 5 kb . It was 
recently s h c w n t n at the m ? X R gene is also a b u n d a n 1 1 y 
expressed m liver and small intestine (r'iiewer et 
ai, Cell 92:73-82 (199S; ■ . Whereas mPXR message was 
also a e t e c t e d at low levels in stomach and kidney, 
mRNA for hPXR was not detected in these tissues 
.'Fig. 2) . Thus, both h ? X R and m PX R are most 
aoundantiy expressed in tne liver and tissues of the 
gastrointestinal tract; however, there are 
differences in ? X R expression patterns in mice and 



EXAMPLE 2 



hPXR Activates Transcription Through 
a Response Element in the CYP3A4 Gene Promoter 

Several lines of evidence have been provided 
that mPXRl regulates CYP3A1 gene expression: mPXRl 
was activated by compounds known to activate CYP3A1 
gene expression including glucocorticoids and 
antigiucocorticoids, mPXRl and CYP3A1 gene 
expression colocalized in the liver and small 
intestine, and mPXRl bound to a response element in 
the CYP3A1 gene promoter that had previously been 
determined to confer responsiveness to 
glucocorticoids and antigiucocorticoids 1KI1 ewe r et 
al, Cell 92:^3-32 (1998), Quattrocni et al, J. Biol 
Cnem. 2~ 7 J:28917-28923 (1995), Huss et al, 2. Biol. 
Chem. 93:4666-4672 (19 9 6) ) . The findings that the 
2 Y ? 3 A 4 gene is also expressed i n t h e liver an d 
intestine and that this expression is induced in 
response to glucocorticoids and antigiucocorticoids 
;MoIawa et al, Proc. Natl. Acad. Set. USA 83:5311- 
5 315 ''1 93 6;, Kocarek e t a 1 , Drug Met. Discos. 
23:415-421 ■ 19 9 5;.- led to the investigation of 
whether h ? X R regulates C Y P 3 A 4 gene expression. 

The induction of C Y ? 3 A 4 expression in response 
to a e x a me thasone and r i f a mp i c i n has been localized 
to an approximately 20 bp region of the promoter 
that contains two copies of the nuclear receptor 
half-site sequence AG(G/T)TCA organized as an 
inverted repeat ( I R ■ and separated by 6 base pairs, 
an 1R6 motif (Barwick et al, Mclec. Pharmacol. 
5 0 : 17 — 16 '■ 1 996)! ; P i q 3 B ■ This 1 R 6 mc 1 1 z is 
highly conserved in the p r omo t e r s of C Y ? 3 A q e n e 



family members of several species (Barwick et al, 
Molec. Pharmacol. 50:10-16 (1996)). Interestingly, 
this half-site configuration is very different from 
that found in the CYP3A1 PXR response element ( PXRE ) 
which contains two half-sites organized as a direct 
repeat (DR) with a 3 nucleotide spacer, a DR3 motif 
(Kliewer et al, Cell 92:73-82 { 1 9 9 8 ) ) . To determine 
whether hPXR could regulate transcription through 
the IR6 motif, a reporter plasmid was generated 
containing three copies of the CYP3A4 IR6 response 
element upstream of the t k promoter and CAT gene. 
Cot rans feet ion assays were perform ed witn the 'IP. c. : . - 
tk-CAT reporter and p3GS-h?X? ATC expression 
pLasmids in CV-1 cells that were either treated w;:n 
vehicle alone or 10 uM oe xame t na sone - t -bu t yi ace la te . 
h ? X ?. induced reporter levels m the presence of 
a e X a me t h a s o n e - 1 - b u t y 1 a c e t a t e (Fig. 3 A) , 
demonstrating that h ? X R can activate transcription 
through the CYP3A4 IR6 motif. 

In order to determine w h ether h ? X R i n t e r a c t e d 
directly with the C Y ? 3 A 4 I R. c response element, band 
shift assays were perfo r me d . Since m ?X R 1 binds to 
FN A as a heterodimer with RXR i Kliewer et al, Cell 
92:73-82 (1993;', it was suspected that hPXR would 
require RXR for high-affinity interactions with DNA.. 
Neither hPXR nor RXR bound to a radiolabeled 
oligonucleotide containing the C Y P 3 A 4 1 R 6 mo 1 1 f on 
their own (Fig. 3C). However, hPXR and RXR bound 
efficiently as a heterodi me r to the I R 6 PXRE. The 
h ? X R / RXR c omp lex was c omp e ted efficiently by 
unlabeled oligonucleotides encoding either the IRc 
PXRE from the C Y ? 3 A 4 d r cmo t e r c r the D R 3 PXRE from 
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the CYP3A1 promoter that it was previously defined 
as a mPXRl/RXR binding site (Kliewer et al, Cell 
92:73-82 (1998)) (Fig. 3C). Thus, the hPXR/RXR 
heterodimer interacted efficiently with two response 
elements with remarkably different architecture. 
Little or no competition was seen when competitor 
oligonucleotides were used that contained mutations 
in either the 5 ' half-site or both half-site 
sequences of the IR6 PXRE (Fig. 3C) . The same 
binding profile was observed when the mPXRl was 
substituted for hPXR (Fig. 3C). It was concluded 
from these experiments that hPXR binds efficiently 
to the C Y ? 3 A 4 IR6 PXRE as a h e t e r odime r with R X ?. , 
a n d that h P X P. a n d m P X R 1 ha v e v e:y sirilar C N A 
binding profiles. 

EXAMPLE 3 

Differential Activation of Human and mPXR 

C Y P 3 A 4 gene expression is induced in response 
to a remarkable array of xenobiotics, including 
synthetic steroids (Kocarek et al, Drug Met. Dispcs. 
23:415-421 ■1995;, Scnuetz et al, J . Biol. Chem. 
2 5 9 : 2 0 C 7 -2 C 1 2 '1 96 4;, Heuman et al, Mo! . Pharmacol. 
21:753-760 (1982), S ch u 1 t e - He rma nn et al, Cancer 
Res. 43:2462-2468 (1938)!, macrolide antibiotics 
(Brighton e t a 1 , 5 1 o c h e m . 24:2 17 1-2 175 ( 1 9 3 5 ; ] , 
antimycotics (Hostetler et al, Mcl. Pharmacol. 
35:27 9-2 85 (1939)), HMG-CoA reductase inhibitors 
(statins) (Kocarek et al, Toxicol. Ap p 1 . Pharmacol. 
12 0:298-307 (1993;, Scnuetz et al,. Hepatology 
13:1254-1262 (1993)), and phenobarbital-like 
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compounds (Heuman et al, Mol . Pharmacol. 21:753-760 
(1982) ) . It was next determined whether hPXR might 
mediate the effects of some or all of these 
compounds on CYP3A4 expression. CV-1 cells were 
cot rans f ected with the pSG5-hPXR ATG expression 
plasmid and the ( I R 6 ) 3 - t k-CAT reporter plasmid, and 
the cells were treated with micromolar 
concentrations of a number of compounds that are 
known to induce CYP3A gene expression in humans 
and/or rodents. As shown in Fig. 4A, hPXR was 
activated by the synthetic steroids dexame t has one , 
dexame t has one- t-buty lace tate , PCN, RU4S6, 
spironolactone, and cyproterone-acetate. 
Dexarr.et has one- t-buty lace tate and RT4 8 6 were the mos 
efficacious activators cf hPXR among the synthetic 
sterol as tested. Notably, the antibiotic rifampici 
and tne antimycotic clotrimazole were both 
efficacious activators of h?XR (Fig. 4 A; . Tne 
a n t i h ype r cho 1 e s t e ro lemi c drug iovastatin also 
activated h ? X R as did pher.obarbital and the 
o r g a n o c h 1 o r i n e pesticide t r a n s n o n a c h L o r (Fig. 4 A ; . 
Thus, hPXR is activated by a remarkably diverse 
group of syntnetic compounds that are known to 
induce C Y ? 3 A 4 gene expression (Fig. 4 B ; . 

Several naturally-occurring C21 steroids were 
also tested on h ? X R that were previously shown to 
activate mPXRl (Kit ewer et al, Cell 92:73-32 
( 1 9 9 S ;■ ) . Pregnenolone, progesterone, and 5 p — 
p r e g n a n e - 3 , 2 0 - d i o n e all activated h P X R roughly 4 - 
fold. Tne 1 ~ - h y d r c x y derivatives of oregnenolone 
a n d progesterone were weak activators o f h P X R (Fie. 
4 A i . These natural steroids ail activated h P X R ir. 
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transient transfection assays with EC 50 values >10 
uM, suggesting that they are unlikely to be natural 
hPXR ligands. However, related pregnanes or 
pregnane metabolites may serve as natural hPXR 
ligands . 

Analyses of the effects of chemical inducers of 
CYP3A gene expression in primary hepatocytes 
obtained from either rodents or humans have revealed 
significant interspecies differences (Barwick et al, 
Mclec. Pharmacol. 50:10-16 (1996), Kocarek et al, 
Drug Met. Discos. 23:415-421 (1995);. For example, 
r i f a rr.p icir. is an efficacious inducer- c f C Y ? 3 A 4 g e n e 
expressior 1 . in human hepatocytes but has little c r no 
effect on CYP3A1 levels in rat hepatocytes. In 
contrast, PCN has marked effects on CYP3A levels in 
rat. hepatocytes but only modest effects m numan 
hepatocytes. To examine whether differences in PXR 
activation profiles might account for these 
interspecies variations, the s ame panel of c omp o u n d s 
was tested on m ? X R 1 . As shown in Fig. 4 A , there 
were marked differences in the response o r o f 1 1 e s of 
the mouse and human homoiogs of PXR. Whereas 
ritampicm was an efficacious activator of hPXR, it 
W2S only a weak activator of mPXRl (Fig. 4 A ./ . 
Clotrimazole, iovastatin and pheno barbital were alsc 
mc re efficacious activators of h PXR than mPX R 1 . In 
contrast, PCN only activated hPXR approximately 3- 
fold but activated mPXRl roughly 9- fold (Fig. 4 A; . 
Taken together, these data indicate that much of the 
interspecies variability in C Y ? 3 A regulation may be 
due to differences in PXR activation profiles. 
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The panel of chemicals that induce CYP3A 
expression was also profiled on the human 
glucocorticoid receptor (GR) . As shown in Fig. 4A, 
only dexamethasone and dexamethasone-c-but yiacet ate 
were efficacious activators of the GR. None of the 
other compounds activated the GR >1. 5-fold (Fig. 
4A) . In contrast to a recent report (Calieja et al, 
Nature Med. 4:92-96 (1998)}, activation of the GR by 
rifampicin was not observed. Since this previous 
work was performed in H e p G 2 ceils, it ma y be t h a t 

ere n daily metabolized in various 
cell lines. As expected, neither p r e let e n c 1 o r. e , 
progesterone, nor their 1 ~ - h y a r t x y derivatives nad 
an effect on GR activity (Fig. 4A, . Thus, the broao 
activation profile that was observed for the human 
a n d mo use h om.c logs of ? X R wit h inducers of C Y ? 3 A 
gene expression is not a general property of other 
steroid hormone receptors. 



r i f amp icin is d i f f 



the aosence or 



_gh-affmity radioligands, 



cc activator-cased assays have been 



as a 



c r c chemical me a n s to determine whether c omp o u n d s 
that activate orphan nuclear receptors do so through 
direct interactions witn tne protein (Kiiewer et al, 
Cell 9 2:^3-32 '1996;, Krey et al, Mol. Endocrinol. 
Il:tt9-79i '.1997)). These assays are predicated on 
tne finding tnat iigands induce the interaction of 
nuclear receptors with accessory proteins, termed 
coactivators (Krey et al, Mol. Endocrinol. 11:779- 
7 9 1 (1997; } . it was recently demonstrated that 
several steroidal activators of m?XRl, including 
dexame t ha s one - t -but yl ace t a t e and PCN, promote the 
interaction of the m?XRl L3D with a 14 k D fra gme n t 



of the steroid receptor coactivator 1 (SRC1.14) 
(Kliewer et al, Cell 92:73-82 (1998)). In order to 
examine whether the structurally-diverse compounds 
that activate hPXR do so by acting as ligands, three 
of the more potent activators representing different 
chemical classes were selected, dexame thasone- t - 
butylaceta te , rifampicin, and clotrimazole, for 
testing in the coact i vator-receptor ligand assay 
(CARLA) . The LBDs of hPXR and mPXRl were expressed 
in E . col i as fusion proteins with giutathione-S- 
transferase (GST;, and SRC1.14 was synthesized in 
vitro in the presence of [ i = S] methionine and 
' ' S- cysteine. As sh o w n in F i g . 4 Z , d e x a me t n a s o n e - t - 
but ylaceta te , rifampicin ana clotrimazole eacn 
promoted the interaction of ['"s; SRC 1.14 with G5T- 
n ? X ?. . Consistent with the results of the 
transfection studies, dexame thasone- t-but ylaceta te 
induced an efficient interaction between GST-mPXRl 
a no [ J 'S ] SRC1 . 14 whereas rifampicin and clotrimazole 
did not (Fig. 4C; . Taken together, these data 
indicate that structurally-divergent c emp o u n d s c a n 
serve as hPXR ligands, and that the human and mouse 
homo logs of PXR differ significantly in terms of 
their 1 1 g a n d binding properties. 

EXAMPLE 4 



Transfection Assay 

Plasmids: GA14-hPXR chimera and UAS-tk-S?AP 
reoo r t e r s . The GAL 4 -h PXR expression constructs 
contain the translation initiation sequence and 
amino- acids 1 to 1 4 7 of the yeast S . crevisiae 
transcription factor GAL4 in the cSG5 excression 



vector (Statagene) . Amino acids 108 to 434 of hPXR 
are amplified by polymerase chain reaction (PCR) 
using vent polymerase (New England Biolads) and 
inserted C-terminal to the GAL4 sequences. The UAS- 
tk-SPAP reporter contains 5 copies of the GAL 4 
binding site upstream of the tk promoter and the CAT 
gene (Berger et al, Gene 66:1 (1988)). 

Transfection assay: SPAP reporter . CV-1 ceils 
are plated in DME medium supplemented with 10* 
delipidated fetal calf serum at a density of 2.4x10" 
cells per well in a 96-well plate 'Costar) 16-24 h 
before transfection. In general, 8.0 n g of reporter" 
plasrrid, 2 5.0 n g of p-galactosidase expression 
vector (pCHllO, Pharmacia;, and 2.C ng of GAL4-hPXP 
exc res si on vector are mixed with carrier DNA 
■; p5 luesc r ip t , Stratagene; to a total of SO ng of DMA 
per well in a volume of 10ml cptiMEM I medium (Life 
Technologies; . To this, a second mix, containing 
9.3 ml optiMEM I medium and 0 . ^ ml of 

LI POEECTAMINE™ (Life Technologies;, is added. 
After 30 min., an additional 80ml of optiMEM I 
medium are added and the comoined mix is tnen 
applied to the cells. Sixteen hours later, tne 
medium is changed to DME medium supplemented with 
10- delipidated and heat inactivated fetal calf 
serum and the test compound at a concentration of 
10~^M. After incubation for 24 h, SPAP activity and 
P-galactosidase activity are measured by directly 
adding to the medium 200ml substrate mix ' 1 5mM 
o- n 1 t rocheny 1 p - D- ga I ac t op y r a n o s i de (Sigma , lOOmM 
fluorescein diphosphate (Molecular Probes;, 0.16* 
Triton X-100, 160mM aiethanoiami ne pH9, 4i.3mM NaCl, 
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and 0.8mM MgCl2) . Alternatively, alkaline 
phosphatase and p-galactosidase activities are 
measured separately using standard protocols. 
Briefly, cells are lysed by adding 25ml 0.5% Triton 
X-1GQ to the supernatant. To 40ml cell lysate, 
200mi p-galactosidase substrate reagent (3 6mM 
o-ni t ropheny 1 p-D-galac t opy ranos ide , 1.25mM MgCl:, 
2 . 8mM NaCl, 4.4M p-me r cap t oe t hano 1 j or 200mi 
alkaline phosphatase substrate reagent (2.5 mM 
p-ni t ropheny 1 phosphate, 0 . 5mM MgCl-, 2 0mM NaCi, 1 M 
diethanolamine pH 9.85) are added and incubated for 
1 h . Alkaline phosphatase activity is expressed as 
fold activation relative to that observed with 
vehicle alone (no r ma iized to p-gaiactosidase 
activity which serves as internal control standard 
for transfection efficiency) . 

EXAMPLE 5 

Synthesis of ' j GW- 4 3 5 8 0 1 

( i ; The Preparation of ; 'H' 3, 5-Ditertbutyl-4 -hydroxy 
D e n z a 1 d e h v d e 

3 , 5 - Di te rbu t yl -4 -hydroxy ber. za Idehyde , 5 ir.g 
'20.6 umol; and Crabtree catalyst, 7.5 mg 
(9.3 umol), were dissolved in 2 mi d i c h 1 o r ome t h a n e 
and stirred under 10 Ci tritium gas for 5 hours. 
The solution was then evaporated to dryness, and 
labile tritium was removed by repeated evaporations 
from methanol. The residue was red! s solved in 
methanol, 1C rr.i, counted and analyzed. 
Yield = 800 mCi. 
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Radiochemical purity by TLC on silica in 
hexane:ethyl acetate (80:20) was approximately 50%. 

The crude material was evaporated to 1 ml and 
purified by preparative plate chromatography on a 
single 500 pm silica plate, eluting in hexanerethyl 
acetate (85:15) . The plates were viewed under UV, 
the band corresponding to required aldehyde was 
collected and the product extracted into ethyl 
acetate. This was evaporated to dryness and 
red is solved in di chl or om.e thane , counted and 
analyzed . 

Yield = 370 m.C i . 

TLC as above showea a singly labelled, spec::: 
activity 23 Ci/mncI . 



;pa r a t i( 



)f i'HiGW-4 



The product from, (i) above (370 mCi at 23 
Ci./'mmol, 16 umol; was evaporated to dryness, 
redissoived in THF, 1 ml, ana cooled in an ice bath 
w::h stirrma. 1M Titanium (IV chloride in 



toluene, 55 pi, 



umol, was added, immediate yelli 



color formed. Tetraethyi methylenedichosphonate, 
ul, of a THF solution ao 110 mg/ml, 2 8.6 umol, was 
added, followed by N-methyl morpholin.e, 8.1 ul, 
~.5 mg , 1 4 umo I . This caused a deep blue color. 
H". 0 solution was t n e n stirred a t room temperature 
for 4 hours. 

TLC analysis on silica m ethyl 
acetate :me:hanoi (90:10) showed approximately 601 c 
tne radioactivity to correspond to inactive 
GW-4353C I . 
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( i i i ) The Purification of [ J H ] GW- 4 8 5 8 01 

The crude product was purified by preparative 
plate chromatography on 2 x 1mm silica plates, 
elating in ethyl ace ta t e : me thanol (90:10). The 
plates were viewed under UV, the band corresponding 
to required product was collected and the product 
extracted into ethyl acetate: me thanol (90:10) . This 
was evaporated to dryness and redissolved in 
nitrogen-flushed ethanol, 30 ml. This was a yellow 
solution . 

Yield = 180 mCi. 

( i v : The Analysis of [ ' H ■ G W - 4 8 5 8 0 1 

The purified product resulting from was 
ana ly tea by T LC , H?LC, mass spectroscopy ana T-N'MF. . 

TLC showed a radiochemical purity of 9 '? . 

H?1C showed a radiochemical purity of 9 S . 9 ■'- . 

In both of the above systems, the radioactive 
peak co-eiuted with inactive G W - 4 8 5 3 0 1 . 

Mass spectroscopy showed a specific activity of 
2 3 Ci/mmol, the isotope distribution being 18.4 : 



i n 1 a b e 1 1 e d , 8 1 . 6 : - 1 x ' J H . The see : 



i Li.L 



radioactive material was consistent with that c t t n * 
inactive GW-485801. 

T - N M R showed a single labelling position (peak 
split into four signals by coupling to the 
chosohorus atoms) corresponding to labelling in the 
vinyl ic position of GW-4S5801. This corresponds to 
labelling m the aidehyde-H in the precursor. 

A portion of the material was diluted to 
1 mGi/ml witn nitrogen-flushed ethane- 1 and dispense' 
as 1X2 mCi pack. The remainder was stored at 
-20°C (approximately 170 mCi). 
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EXAMPLE 6 
Biotin-His 6-PXR/RXRa Protein 



The coding sequence representing amine acids 
130-434 of human PXR (Genbank AF061056) was 
subcloned into the pRSETa expression vector 
( Invitrogen ) - Sequence encoding a polyhis t idine tag 
derived from an N- terminal PGR primer ( MKKGHHH K HHG ; 
(SEQ ID NO: 10) was fused in-frame. The resulting 
encoded His6-?XR sequence was as follows: 



M K K GHHHHHHGSE R T G T Q PIG V Q G L T E E Q R M M I R E G M D A Q M KTc "TT:"5 H F K 
NFRLPGVLSSGCEL ? E3 LQAP 3 RE EAAFW SQ YRKGGG 3 LK YS G QLRGE GG3 Y 
WNYKPPA3SGGKE I FS LL PHKADMST YMFKG I 1 S FAK7I S YFRDL P I E DQI 3 
LLKGAAFEGGQGRFNTYFKAETGTWEGGRGS YG LE GT AGG FQQL1GTE Pt-GGK F 
H YMLKKLQLHEEE YVLMQAI S G FS P GR ?G Y G GHR YYCQ GQEQ FA I T GKS Y I E 
GN RPQPAHR FL FLKIMAMGTE GRS INACHTQRGLR I Q G I H P FAT ? LMQEL FG 



<\ e i e 



restrict icn ero'/T,es Nog I and H i n c I " 
used to release the c DN A fragment encoding amino 
acids 225-462 of RXRce from BE5508 ( c ?. S E T a ) . The 



gir.f 



was liqate: 



one _ i ,<e-oG 



expressior; p _ a s m i c 



ivaaer.. 



Thp r i T 



fragment (contains T~ promoter, lac operator, R33 
and RXRaj of this construct was then cloned into * 
BamH I, Hind III sites (removes tetracycline 
resistance) cf pAGYC!34 (335114). This allows for 
excression of RX Rot from t n e T 7 promoter when grow: 
m 3L21fGE3: cells and induced with IPTG. The 
resulting encoded R X R. a sequence was as follows: 



MK KG SANE DM? VER I LEAE LAVE PKTET YVEANMGLN PS S PND P VTN I CQAA 
DKQLFTLVEWAKRI PH FSEL PLDDQVI LLRAGWNELL I AS FSHRSIAVKDGI 
LLATGLHVHRNS AHS AGVGAI FDRVLTE LVSKMRDMQMDKTELGCLRAI VL F 
N ? DS KG LSN PAEVEALRE KVY AS LEA YCKHKY PEQ PGR FAKLLLRL PAL RS I 
GLKCLEHL FFFKL I G DT P I DT FLMEMLEAPHQMT ( SEQ ID N0:12). 



The His6-PXR/pRSETa and RXRa/pAC YC 1 8 4 plasmids 
were cot rans formed into the BL21CDE3J E. coli 
strain. One-liter shake flask liquid cultures 
containing standard Luria-Bertani (LB,- brctn with 
C . 05 mg/ml Ampiciiim ana 0.05 ma /mi Chloramphenicol 
were inoculated and grown at 2 2 " C for 24 ho u r .: . T n e 
cells were induced witn 0.05 mM I ?TG tor 4 - c hours 
at 22'C then tne cells were harvested by 



;encrituaation 



minutes, 



"5 ^ 0 ( 



Th, 



pellet was store a at -8 0"C. The ceil pellet was 
resuspended in 250 mi Buffer A (5C mM Tris-Cl pHS.C, 
250 mM NaCl, 50 mM imidazole p.o" . " . Cells were 
sonicated for 3-5 minutes on ice and the cell debris 
was removed by ce n t r i f u g a t i on (45 minutes, 20,000g, 
4 ' C : . The cleared supernatant was filtered t n r o u g h a 
0.4 5 mM filter and loaded on to a 5 0 ml ProBcnd [NO* 
c n a r u e o c n e i a 1 1 o n resin ( " ^ \' m r ^ ^ ^ ^ s ^ ^ ^ 
washing to baseline with Buffer A , the column was 
washed with Buffer A containing 12 5 mM imi da tie pH 
7.5. The His6-PXR/RXRcc complex was eluted from the 
c c 1 umn using Buffer A with 300 mM imidazole p H 7.5. 
Column fractions were pooled and concentrated usina 
Cer. tri-rrec 3 0 K ( Ami icon) units. The c r o t e i n w a s 



suc^ecteo to size exclusion, us;: 
9 0 cm ; packed with Sep h arose S - 7 5 resin < p v 



na rma c i a 
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pre-equilibrated with 2CmM Tris-Cl pH 8.0, 200 mM 
NaCl, 5 mM DTT , 2 . 5 mM EDTA, pH 8.0. Column 
fractions were pooled and concentrated as before. 
The purified Hi s 6- PXR/RXRa was buffer exchanged by 
gel filtration into PBS , resulting in an average 
total mo lar protein concentration of 45 mM . A five 
fold total molar excess of NHS -LC-Bio t in (Pierce) 
was added to this protein mixture in a minimal 
volume of PBS. This solution was incubated with 
gentle mixing for 6 0 minutes at ambient temper a cur 
approximately 23°C. The b i o t i n y 1 a t i on mod i f i c a t i o 
reaction was stopped by tee addition of a 2 00 Ox 

? X R / R X Ra was dialyzed at 4° £ against 3 buffer 
changes, each of at least 50 volumes, TBS pH 8 
containing SmM DTT, 2mM ETTA and 2% sucrose. The 
c i o 1 1 n - H i s 6 - P X R / RX R cc was subjected to m a s s 
s t e z t r c me t r i c analysis to reveal the extent o f 
modification by the reagent. The biotmylated 
crcteiri solution was frozen and stored at -30 °C . 



. a. 



PXR Scintillation Proximity Assay ; SrA: 

5 1 r ept a vi d i n- PVO 1 SPA beads ( Ame r shamPha rma c : 
# RPNQC0C7) were resuspended m assay buffer 
mM Oris HCi pH 8.0, 5 0 mM KC1, 1 mM DTT, 0.1 mg/rrT 
essentially fatty acid free bovine serum albumin) 



receptors were allowed to couple to the SPA beads 
: or thirty minutes at rocm temperature. The 
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uncoupled receptor was removed by centr i f uging the 
SPA beads at 3000rpm for 5 minutes in a swinging 
bucket rotor of a Rupp & Bowman Silencer centrifuge. 
The receptor coated SPA beads were then resuspended 
in assay buffer to 3.3 mg/mi. 10 0 pg (30 pi) of 
receptor coated SPA beads were added to each well of 
a 96-well Optiplate (Packard cat # 6005190). Each 
well also contained [ 3 H ] GW- 4 8 5 8 0 1 at final 
concentrations ranging from 0.5 nM to 8C0 nM . Non- 
specific binding was determined by addition of 10 pM 
clotn ma z o 1 e . The total volume in each well was 100 
pi. The plates were sealed with TocSealA (Packard 
cat # 6005185) and agitated momentarily to ensure 
c z m c 1 e t e mixing. The plates were t n e n a. 1: w e d " •. : 

o c t a i n e d . The plates were then counted on a 

T o c Z o u n t liquid scintillation counter (Packard) 

u s i n a a protocol optimized for ' H ? 7T SPA. 

Triplicate sa mp 1 e s in the absence >' T s a mp 1 e s '■ o r 

cresence (NS samples: of clotrimazole were averaged 

anu specific binding was calculated us: u g t h e 



on : 



specific binding - . - N 3 

Plots of specific binding vs concentration of [ : H ] G W - 
4 8 5 8 0 1 were generated (Fig. 6 ) . Ka values were 
determined using non-linear regression when the data 
were fit to the equation of a rectangular hyperbola. 

Test compounds were dissolved in 1MSC at 10 ml: 
and diluted 1:10 in 1MSC before serially diluting in 
assay buffer. Compounds were typically tested at 
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concentrations ranging from lOOpM to 0.3nM. 
S t reptavidin-PVT SPA beads ( Amer shamPha rma c i a cat # 
RPNQ0007) were resuspended in assay buffer (50 mM 
Tris HC1 pH 8.0, 50 mM KC1, 1 mM DTT , 0.1 mg/ml 
essentially fatty acid free bovine serum albumin; a' 
0.5 mg/ml. B l o t in-Hi s 6- PXR/RXRot was added to the 
beads to a final concentration of 50 nM . The 
receptors were allowed to couple to the SPA beads 
for thirty minutes at room temperature. The 
uncoupled receptor was removed by cent ri fug mg the 
SPA beads at 3000 rpm for 5 minutes in a swinging 
bucket rotor of a Rupp & Bowman Silencer centrifuge 
The receptor coated SPA beads were then resuspended 
in assay buffer to 3.3 mg/ml. 100 p g (30 pi! of 
r e c e p t o r coated SPA beads was added to e a c h w e 1 L o f 
a 9c-weii Optiplate :PacKard cat # 6C0519C;. Each 
well also contained [ ; H ] GW- 4 S 5 8 0 1 at a final 
concentration of 25 n M and test c omp ound or an equa. 
volume of assay buffer. Non-specific bind: n g w a s 
determined by addition of 10 \iM clotrimazole. The 
t z t a 1 volume in each well was 100 ph. The plates 
were sealed with TopSealA 'Packard cat # 600518 oh 
and agitated momentarily to ensure complete mixing . 
The plates were tnen allowed to incubate at room 
temperature until equilibrium was obtained, 
approximately 1.5 hours. The plates were then 
counted on a TopCount liquid scintillation counter 
(Packard; using a protocol optimized for J H ? VT SPA 
and p r o g r a mme d to correct for color quenching. 
Values for " : H j GW- 4 5 5 3 0 1 Bound" were calculated 

usina the followmq equation: 




% [ 3 H] GW-485801 Bound = 100*[(C DP m - NS DPM ) / (T DPM - 

NSnpv) ] 

where C 3PM is the DPM value from a well containing a 
test compound, NS DFM is the average of the DPM values 
from the "non-specific" wells which contained 10 uM 
clotrimazole, T 3PM is the average of the DPM values 
from the "total" wells which contained no addea 
compounds. Graphs of % [ J H j GW- 4 8 5 8 0 1 Bound vs 
concentration were generated for each test compound 
and IC5 0 values were determined using ncn- linear 
regression (see Table 1 ; . 



Table 1 



Compound 


ICSG ; uM ; 


GW-4 8 58 01 
Clot r ima zo le 
Ri f amp i cm 
5b-pregnane-3, 2 0- dior.e 


0.53 

1 3 

2 . 4 
1 . 0 



Ail documents cited above are hereby 
i n ~ c r c o r a *~ e d in their entirety b v reference. 

Cne skilled in the ait will appreciate from a 
reading of this disclosure that various changes m 
form and detail can be made without departing from 
the true scope of the invention. 
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